In a series of three experiments, we tested for effects of species pools, resource stress, and species interactions on four aspects of community structure: species richness, evenness, species composition, and functional group composition. We also examined whether the impacts of species interactions on the community varied with resource availability or species pool. Communities of sand dune annuals grew from seed bank samples collected from two sites in three different years, so that the species pool differed at two levels: the source site and the year of seed bank collection. Communities experienced one of three irrigation treatments and a range of sowing densities, which varied resource supply (stress) and the potential for species interactions, respectively.
Introduction
The community assembly process has been described as a series of successive filters, each of which limits the set of species in a community (Keddy, 1992; Zobel, 1997; Götzenberger et al., 2012) . This concept of community assembly begins with a pool of species present in a region, only a subset of which is able to disperse to a habitat to form the local species pool. Abiotic conditions, such as resource shortage, and biotic interactions, such as competition, eliminate additional species, ultimately leaving the species that form the community. A current challenge in community ecology is to quantify the relative contributions of species pools and various abiotic and biotic filters in structuring communities and to understand how these interact to produce patterns in community structure across environments (Algar et al., 2011; Grace et al., 2011; Belmaker and Jetz, 2012; Götzenberger et al., 2012) .
By examining patterns in natural field vegetation for a community of desert sand dune annuals, we previously showed that species pools, resource availability, and species interactions all affect species richness at different temporal and spatial scales (Rajaniemi et al., 2006) . Previous experiments in the same system demonstrated that all three factors significantly affect fitness of individuals (Goldberg et al., 2001 ) as well as species composition (Rajaniemi et al., 2009 ). However, we did not quantify the relative magnitudes of effects of the different factors in those reports and therefore could not assess their relative importance. Here, we describe an experiment in which we simultaneously manipulated species pools, resources, and intensity of species interactions to measure their relative effects on multiple aspects of community structure: richness, evenness, species composition, and functional group composition.
In addition to their separate direct effects, species pools and abiotic and biotic filters may also interact in their effects on community structure. The effects of species interactions, in particular, may depend on resource levels. Alternative theories hold that the effects of interactions do not vary along resource gradients (Tilman and Pacala, 1993) , are strongest when resources are abundant (Grime, 1977) , are strongest when resources are low (Goldberg et al., 1999 (Goldberg et al., , 2001 , or switch from mostly facilitative to mostly competitive as resource stress decreases (Bertness and Callaway, 1994; Maestre et al., 2009) . Few previous studies have directly assessed the community-level effects of competition along resource gradients (Rajaniemi et al., 2003; Lenssen et al., 2004) . The effects of species interactions may also vary with species pool: the traits of species in the pool form a biotic background or an "interaction milieu" with which an individual must interact (McGill et al., 2006) , and different pools should provide different biotic backgrounds.
We studied the effects of species pools, resources, and species interactions on communities of annual plants grown from fieldcollected seed banks, using a series of three similar experiments. Species pool varied in two ways: seed banks came from two source communities representing two different pools, and each experiment used a seed bank collected in a different year, so the identity of the available species varied depending on differential reproductive success of adults in the previous year and survival in the seed bank over multiple years. Resource level was varied by irrigation treatments mimicking rainfall in the two source communities, as well as an intermediate level of rainfall. Finally, we used a community density series (Goldberg et al., 1995 (Goldberg et al., , 2001 to vary the intensity of species interactions.
The source communities, experiments, and experimental treatments we analyzed reflect the community assembly process in our study site. The two source communities draw species from a single regional pool, but differ in composition due to the effects of longdistance dispersal and climate patterns (Rajaniemi et al., 2006) . In any given year, the species pool in the seed bank reflects reproduction across microsites that vary widely in shoot density and in microclimate (Rajaniemi et al., 2006) ; therefore, seed banks collected in different years are influenced more by random selection from the source community pool than by particular filters. Within a year, the actual community that emerges in a plot results from abiotic (resource) and biotic (species interactions) filters acting on the species pool present in the seed bank.
We addressed the following two questions:
• What are the relative magnitudes of the effects of species pool, resources, and species interactions on different aspects of community structure (richness, evenness, species composition, and functional group composition)? • Does the magnitude of the effect of species interactions depend on resource level and/or species pool?
Methods

System
The system consisted of annual plants occurring at two semistabilized sand dune sites in Israel -one desert and one coastal community (source sites). Both sites have a Mediterranean climate with a winter growing season. Mean annual precipitation (30-year average, Israeli Meteorological Service) is 110 mm at the desert site (Holot Mashabim, 31 • 00 N 34 • 44 E), and 550 mm at the Mediterranean coastal site (Caesarea 32 • 30 N 34 • 55 E).
At both source sites, in September before the sowing of each experiment, we collected seed bank from the top 2 cm of sand from at least 60 random plots (Experiment 1) or along three 50-m transects (Experiments 2 and 3). The transects were established from randomly located starting points with randomly chosen directions within each source site. Samples were taken continuously along the transects, with the constraint of maintaining >30 cm margin from the edge of shrubs. Shortly after collection, the samples from within each source site were combined and then passed through a series of sieves to eliminate the sand. The smallest fraction (<500 m) contained almost no seeds (verified by germination tests) and was not used. The rest of the seed bank was thoroughly mixed to use as the concentrated seed bank, and stored in dry laboratory conditions.
The annual plant communities from the two source sites were grown in a common garden constructed at the Blaustein Institute for Desert Research at Sede Boqer (30 • 48 N 34 • 48 E; MAP 98 mm). The garden comprised multiple trenches (2 m × 10 m; 1 m deep), each accommodating eight 1 m 2 plots and eight 0.5 m × 0.5 m plots, filled with sterile sand. More detailed information on the common garden system can be found in Goldberg et al. (2001) .
Experimental design
We conducted three experiments initiated in three different years; two lasted a single growing season and one lasted two seasons. The basic design for each experiment was a factorial with three to eight different initial community densities × three irrigation treatments (low, intermediate, and high) × two source communities (desert and coastal), with replication in multiple blocks (Table 1) .
A range of initial sowing densities was established by sowing different amounts of homogenized, concentrated seed bank on the surface of the plots, from 1/16× to 8× average natural density (referred to as 1×). This approach allowed us to change the seed density while keeping the initial relative abundances of species constant. The 1× natural density plots were sown with the mean mass of seed bank that was collected from the equivalent area in the field and were intended to achieve the mean natural density. Increasing sowing density increases the probability that two plants compete for light by shading each other or compete for soil resources by drawing from the same soil volume. It also increases the opportunity for plants to ameliorate stresses by shading the soil to decrease temperatures or reduce evaporation.
Three irrigation treatments were imposed that mimicked aspects of the precipitation regimes of the two source sites, and an intermediate regime. Long-term rainfall records indicate that, on average, the desert and coastal sites receive, respectively, 1.1 and 5.8 times the annual precipitation of the experimental garden site at Sede Boqer. After each naturally occurring rainfall event at Sede Boqer, additional watering was done to maintain these proportional differences, with the intermediate treatment receiving the midpoint of these extremes (3.45× precipitation at Sede Boqer).
Because irrigation treatments could only be assigned to entire trenches, we used a nested block design, with three trenches in each block. One trench of each block was assigned randomly to each irrigation regime and the combinations of source and density treatments were then assigned randomly within each trench. Because of limited amounts of available seed bank it was necessary to have different plot sizes. The higher seed bank densities were sown into small (0.5 m × 0.5 m) plots and the lower densities were sown in the larger (1 m 2 ) plots (Table 1) . In Experiments 1 and 3, natural densities (1×) were sown in both large and small plots to assess effects of plot size.
All plots were sown in November by spreading the appropriate amount of seed bank uniformly across the surface of the sand of each plot. The seed bank was then covered by 1 cm of sterile sand and lightly watered with an equivalent of 5 mm of rainfall to prevent loss of seed by wind.
Percent cover of each species in the two-year Experiment 3 was estimated at the end of the first season in April 1995, after cessation of natural rainfall and as most species were just beginning to dry after ripening seeds. In May 1995, plots were covered by mesh screens to prevent dispersal and seed predation during the summer. Mesh screens were removed in the early fall before initiation of the rainy season. Major branches of the senesced plants were clipped, chopped, and returned to the plots to ensure that seeds remaining on the plants were part of the potentially emerging seed bank. The litter layer was then covered by 1 cm of fresh sand to prevent seeds from blowing away, and watered as after the initial sowing. This sand layer did not appear to inhibit later germination: watering mixed seeds into the sand layer (R.T., personal observation), and small seeded species such as Ifloga rueppelli germinated in the second growing season. Aboveground biomass was harvested from each experiment in April, except for a 10 cm buffer zone around each plot. Individuals in each plot were sorted to species, and the number of shoots of each species was counted. In Experiment 3, percent cover estimates were repeated before harvest.
Statistical analyses
Adjusting richness and evenness for sample size Species richness (S) was quantified as the total number of species in a plot at harvest. Evenness was quantified as E-var (Smith and Wilson, 1996) . However, measures of species diversity are sensitive to the number of individuals sampled (Magurran, 1988) , and the different plot sizes and density manipulations in the experimental design will produce patterns in shoot number that may obscure responses of diversity to the treatments. Therefore, values of S for each plot were adjusted for sample size, as follows.
We used random sampling from a "null-community pool" to calculate two measures of expected diversity for each plot: the expected species richness and evenness of a plot if diversity were controlled only by shoot number. The null-community pool consisted of all species observed in 1/16× and 1/8× plots in that experiment, along with their total abundances. The lowest density plots were used as the pool because these were expected to be closest to the null community, in which species interactions did not affect composition. The probability of selecting a species from the null-community pool was proportional to its relative abundance in the pool. Expected diversity in a given plot was based on the mean diversity of 500 samples, where each sample consisted of a random draw of N individuals from the pool, with N = the number of individuals observed at harvest in that plot.
Sample-size-adjusted values for diversity were calculated as the deviation of observed richness or evenness from that expected given random sampling from the pool, expressed as a log response ratio (ln RR S = ln(observed S/expected S)). ln RR values were mostly negative, and can be thought of as quantifying the total effects of all factors (other than number of individuals sampled) that constrain species richness or evenness in a plot. To verify that the adjustment removed effects of sample size on S, we tested for effects of plot size on S and ln RR S in plots with natural (1×) sowing density in Experiment 3. As expected, S was larger in the 1 m × 1 m plots than in the smaller (0.5 m × 0.5 m) plots (ANOVA; F 1,45 = 65.6, p < 0.001), but plot size had no effect on ln RR S (F 1,45 = 0.001, p = 0.978).
Tests for significance of treatment effects
We tested for treatment effects on richness and evenness using the general linear model function in SPSS v16 (SPSS 2007) . We used a split-plot design because each trench had only one level of irrigation. The factors considered were 'trench', 'experiment' (random factors), 'source site', 'sowing density', and 'irrigation' (fixed factors).
To test for effects of treatments on species composition and functional group composition of the community, we used multivariate analyses with PRIMER-E software (Primer-E Ltd., Plymouth, UK). Species were assigned to one of three functional groups: grasses, legumes, and other dicots. Shoot number of each species or functional group was standardized by sample and square-root transformed. Permutational ANOVA (PERMANOVA; Anderson et al., 2008 ) with a split-plot design was used to test for effects of trench, experiment, source site, sowing density, and irrigation on species composition and on functional group composition.
Magnitude of treatment effects
To create a metric of the effects of treatments on community structure, we compared mean diversity and assessed community dissimilarity between treatment levels. The effect of species interactions on sample size-adjusted species richness and evenness was calculated as: density effect = mean ln RR HD − mean ln RR ND where HD represents all high-density plots (2×, 4×, and 8× initial sowing densities) and ND represents null-density plots (1/16×, 1/8×). Null-density plots were expected to have minimal plant-plant interactions, while plots with 2× to 8× seed bank densities achieved adult plant densities near the median of field densities. Thus, the density effect quantifies the change in sample size-adjusted S or E-var resulting from increasing the potential for species interactions.
Similarly, the effects of other experimental factors were also calculated as differences in mean sample size-adjusted richness and evenness. These comparisons include plots sown at all densities. All sowing densities were considered relevant to explaining the effects of factors on natural communities in the field, because actual field densities encompass the entire range of sown densities. The irrigation effect = mean ln RR low − mean ln RR high ; the magnitude of the irrigation effect size is the change in diversity resulting from increased resource stress. Comparison of intermediate and high irrigation treatments showed similar patterns of effects of Table 2 Summary of treatment effects on species richness and evenness (GLM), species composition and functional group composition (PERMANOVA). ln RR = ln(observed diversity/expected diversity), where expected diversity is that achieved when diversity is affected only by shoot number, a value determined by random sampling from the pool of plants found in null-density plots. those treatments on community structure (not shown). The source effect = mean ln RR desert − mean ln RR coastal ; its value measured the change in diversity due to drawing from the source pool from the desert site relative to the coastal site. The desert site was drier and also more species-rich (Rajaniemi et al., 2006) . Two comparisons were made among the experiments: the experiment lasting two growing seasons was compared to the two single-season experiments, and the two single-season experiments were compared. The effect of experiment duration = mean ln RR expt 3 − mean ln RR expts 1 & 2 ; this measures the effect of the longer experiment, relative to the shorter ones. While we refer to this comparison as experiment duration, Experiment 3 was also initiated in a different year than either of the other two experiments and so also likely has a different seed bank. The effect of experiment year = mean ln RR expt 1 − mean ln RR expt 2 .
To calculate analogous treatment effect sizes on species and functional group composition, we pooled the plants present in all the plots within a treatment, and then calculated Bray-Curtis dissimilarity between groups of interest. For example, the effect of source community is equal to the dissimilarity between a community consisting of all plants observed in plots from the coastal source and a community of all plants observed in plots from the desert source. Bray-Curtis dissimilarity values were scaled to fall between 0 (communities identical) and 100 (no species shared). Species abundances were standardized by sample and square-root transformed (to downweight the contributions of dominant species) before analysis. For effects other than source, dissimilarity values were determined separately for the two source communities, because the large differences in composition due to source obscured the effects of other factors. Thus, four effects were calculated for each source community: density effect = dissimilarity between pooled high-density plots and pooled null-density plots; irrigation effect = dissimilarity between pooled high-irrigation plots and pooled low-irrigation plots; effect of experiment duration = dissimilarity between pooled plots from Experiment 3 and pooled plots from Experiments 1 and 2; and effect of experiment year = dissimilarity between pooled plots from Experiment 1 and pooled plots from Experiment 2.
To visualize how the effects of species interactions depended on other treatments, we first identified significant interactions of sowing density with other factors from GLM or PERMANOVA (see above, Tests for significance of treatment effects, and Table 2 ). We then calculated effects of initial density, as described above, for subsets of the data, separating levels of factors that interacted with density.
Experiment effects
The three experiments differed in species pools (based on the composition of the seed bank collected that year), natural precipitation (Table 1) , and duration. We conducted additional analyses to examine the effects of each of these differences on community structure.
To test the effects of differences in rainfall, we repeated the GLM and PERMANOVA analyses with total water (natural rainfall plus irrigation) as a covariate, replacing the irrigation factor. To address the effects of experiment duration, we examined changes in community structure between years in Experiment 3. As with other comparisons of species richness, we needed to take differences in total abundance into account to eliminate sampling effects. However, we had cover rather than shoot density data for the first year of Experiment 3, so we could not calculate sample-size adjusted richness or evenness. Instead, we used the observed cover-species relationship from year 1 to predict how many species each plot should be expected to gain (or lose) in year 2, based on its increase (or decrease) in cover. We then compared actual change in species richness to expected change in species richness. Evenness was uncorrelated with total cover in this experiment, so we compared evenness between years without any adjustment. We also used PERMANOVA to test for changes in functional group composition and species composition between years, based on percent cover.
Results
Source site, density, and irrigation all had significant effects on species richness, and the effect of experiment was marginally significant (p = 0.056). All four treatments had significant effects on evenness, species composition, and functional group composition (Table 2) . In cases where treatment main effects were not significant, each factor appeared in a significant interaction. We first discuss the average effects of separate treatments and then consider treatment interactions, focusing on the interactions of the sowing density treatment (which manipulated the potential for species interactions) with other treatments. Although the analyses reported in Table 2 include all sowing densities, we illustrate patterns in density effects (Figs. 1 and 3) by focusing on the effect of high densities relative to null densities on the community.
Treatment effects on community structure
The relative magnitude of effects of the different experimental factors differed considerably among the measures of community structure. Density (species interactions) and irrigation treatments had the greatest effects on species richness and evenness. Both measures of diversity declined with increasing density, and therefore increased potential for species interactions (Fig. 1a) , and with fewer resources (low relative to high irrigation; Fig. 1b) . Source community had only a small effect, with higher richness and evenness in the desert source community. Experiment 3, which lasted two growing seasons, also had lower richness than the singlegrowing-season experiments.
Functional group composition was affected most strongly by source community, experiment (particularly between the two single-growing season experiments in the desert community), and irrigation (Fig. 1c, Fig. 2 ). Grasses were more common in the coastal community, which is the more mesic habitat; in Experiment 1; and at high density and low irrigation (Fig. 2 and Table 2 ).
Source community had the greatest effect on species composition, followed by experiment duration and experiment year. Density and irrigation had smaller effects (Fig. 1d) .
Determinants of the magnitude of density effects on community structure
The effects of species interactions on all measures of community structure always depended on one or both of the factors reflecting differences in species pools, as indicated by the lack of any significant main effects of density but the many statistically significant interactions involving density and source community or experiment or both ( Table 2 ). The effects of species interactions depended less often on irrigation, and without any consistent patterns.
The effect of sowing density on species richness interacted with source site: species interactions reduced richness more in the coastal species pool (Table 2 and Fig. 3a) . For evenness, sowing density interacted with source, experiment, and irrigation in multiple three-way interactions (Table 2) . However, few clear patterns were associated with these interactions (Fig. 3b) . While species interactions tended to reduce evenness (Fig. 1b) , they increased evenness . 3 . Dependence of the magnitude of the density effect on other factors (source community, experiment, and irrigation). In (a) and (b) treatment effects are differences in mean sample size-adjusted richness or evenness between two treatment groups. In (c) and (d) treatment effects are Bray-Curtis dissimilarity between the pooled plots in the two treatment groups. Only statistically significant interactions (Table 2) are shown.
in a few combinations of species pool, experiment, and irrigation treatment (Fig. 3b) .
The effect of sowing density on functional group composition depended on experiment (Table 2) , with stronger effects in Experiments 1 and 3 (Fig. 3b) .
For species composition, the effect of sowing density depended on both source community and experiment (Table 2) : density affected species composition more in the desert community in Experiments 1 and 3, but more in the coastal community in Experiment 2 (Fig. 3d) . Sowing density also interacted with source and irrigation (Table 2) , but this interaction resulted largely from differences between low densities (1/2× and 1/4×) and high densities (>1×) (not shown), not from null and high densities.
Experiment effects
Experiment had additional effects on the community beyond those resulting from differences in rainfall. When total water availability was entered into analyses as a covariate, the effect of experiment remained significant for species richness (F 2,347 = 19.3, p < 0.001), evenness (source × experiment × density interaction, F 7,347 = 3.18, p = 0.003), functional group composition (F 2,347 = 40.2, p = 0.001), and species composition (F 2,347 = 51.4, p = 0.001).
In Experiment 3, all measures of community structure changed between years. On average, although the number of species in a plot increased with time, the increase was less than would be expected based on plant abundance (paired t-test, t 1,143 = 2.03, p = 0.044). Thus, after correcting richness for abundance, species richness decreased with time. Evenness also decreased over time (t 138 = 6.69, p < 0.001). Both functional group composition and species composition shifted significantly between years (PERMANOVA; F 1,279 = 14.4, p = 0.002 for functional groups and F 1,279 = 12.8, p = 0.001 for species). However, the magnitude of the year effect in both cases was small (Bray-Curtis dissimilarity = 10.1 and 27.6, respectively).
Discussion
The experiments described here manipulated species interactions (by varying sowing density), resources (by irrigation treatment), and species pools (different source communities within experiments, as well as different seed banks from those communities across experiments) in a community of sand dune annuals. We then compared the effects of each of these factors on four measures of community structure: species richness and evenness, species composition, and functional group composition. Species richness and evenness were most affected by local factors: higher densities and lower water availability decreased species diversity. In contrast, species composition was influenced most by the species pool. The effects of species interactions on the community did not vary consistently with resource levels, but they were dependent on the identity of the species pool.
Interpreting experiment effects
Because we collected the seed bank for the experiments in different years and carried out those experiments in different years, they differed in species pool, as well as in the weather during the experiment. Experiments 1 and 2 took place in years differing in rainfall and temperature, but incorporating ambient rainfall into our analyses did not eliminate the effect of experiment. Experiment 1 took place in a year with slightly higher temperatures than Experiment 2, and had lower species richness. In contrast, across years in natural vegetation, we found that species richness increased as the growing season minimum temperature increased (Rajaniemi et al., 2006) . Thus differences in species pool remain the simplest explanation for the differences in species and functional group composition between Experiments 1 and 2.
Experiment 3 also differed in duration from the other two experiments. Successional dynamics do not account for the distinct differences in species composition between the single-season experiments and the two-season experiment, because the change in composition between years was small. A pattern of increasing cover and decreasing species richness and evenness over time suggests that Experiment 3 may have lower diversity due to successional dynamics: each plot lost rare species in the second year due to failures of reproduction in the first year. As long as different plots lost different species, these losses would have little effect on the overall species pool or on diversity values expected based on random sampling from that pool, but would nevertheless reduce the observed species richness and evenness and therefore ln RR. Had those species been lost in the same way from small areas in the field, seeds from adjacent areas would have been available to maintain the species in the community. In the experiment, local dispersal was restricted and species were lost. Therefore, the (negative) experiment duration effect on richness may be interpreted as a (positive) effect of local dispersal on richness under field conditions.
Effects of local filters and species pools on community structure Our first objective was to determine which factors have the greatest effects on each measured aspect of community structure. Species richness and evenness were consistently reduced by more intense species interactions and by lower resources, with the greatest diversity found in plots with low sowing densities and high irrigation. In previous studies, reducing the potential for species interactions has consistently increased diversity, in systems as diverse as deserts (Goldberg and Estabrook, 1998) , grasslands (Rajaniemi et al., 2003; Rajaniemi, 2011) , and communities of bryophytes (Zamfir and Goldberg, 2000) . Species richness also declined over time in Experiment 3, indicating that a third local filter, small-scale dispersal, contributes to limits on richness. The role of dispersal in limiting diversity has also been demonstrated by seed-addition experiments (Myers and Harms, 2009) . While species pools did have detectable effects on richness and evenness, these effects were smaller in magnitude than the effects of local factors, consistent with structural equation models that show stronger effects of local factors than the size of regional species pools on local richness (Harrison et al., 2006; Grace et al., 2011) .
Species composition, in contrast, was dependent on the available species pool (Patterson and Brown, 1991; Butaye et al., 2002) , with large effects of both source community and experiment. Functional group composition had an intermediate response, in which species pool and irrigation both had strong effects.
The large effects of local filters on species richness suggest strong species sorting along environmental gradients. Our system has several characteristics which meta-community theory predicts are associated with strong species sorting: spatial environmental variability is high, species pools have high functional diversity (Questad and Foster, 2008) , and dispersal is sufficient for species to reach suitable sites (Leibold and Norberg, 2004; Foster et al., 2011) .
At the same time, the small effects of local filters on species composition suggest that the outcome of any species sorting was highly dependent on species pools. There was no evidence, for example, that experiments converged to a similar set of drought-tolerant species under low irrigation, or to a similar set of good competitors at high sowing density, which would have produced a large, significant effect of irrigation or density on species composition ( Fig. 1 and Table 2) . Surprisingly, species pools had large effects on species composition even though pools overlapped a great deal: 84% of desert species and 78% of coastal species were also observed in the other source community, and within a source community 61-90% of the species in a single experiment were also present in at least one other experiment.
The weak effects of local filters on species composition might represent a sampling effect if the best-adapted species to a given set of water and competitive conditions are not present in every pool. On the other hand, this pattern might mean that the interaction milieu (McGill et al., 2006) matters: which species is the best competitor depends on the other species with which they compete. Similarly, which species best tolerate drought could depend on the other species present as long as their densities are sufficiently high (as they frequently are in the field) to permit some competition or facilitation. Consistent with the idea that the "best" species are contingent on the interaction milieu, we have not succeeded in identifying particular species as good competitors or good stresstolerators in this system. Principal components analysis does not reveal a consistent set of species associated with low irrigation or high sowing density (Rajaniemi et al., 2009 ).
Effects of resources and species pools on species interactions
Our second question was whether the effects of species interactions on community structure depend on resource levels or species pools. An enduring question in community ecology has been whether the effects of competition and facilitation change along resource gradients (Maestre et al., 2009) , although the great majority of studies have focused on effects on individual growth rather than on community structure, as in this study (Grace, 1991; Goldberg et al., 1999; Craine, 2005; Reynolds and Rajaniemi, 2007) . Surprisingly, we saw few cases in which the community-level effects of interactions changed with irrigation (small effects on evenness only), and no strong or consistent patterns. Similarly, in a three-year experiment in this system, we found that effects of sowing density on species composition did not change with irrigation (Rajaniemi et al., 2009) .
The identity of the species pool also mediated the effects of species interactions. In the previous section, we discussed how the outcome of species interactions might vary among pools to influence community composition. We also found that species interactions had a stronger effect on species richness in the coastal community. Many previous studies have investigated the effects of the size of the species pool on richness -that is, whether diversity is dispersal-limited -and how dispersal limitation may interact with competition (Grace, 2001; Foster and Dickson, 2004; Houseman and Gross, 2006) . In our experiments, on the other hand, the size of the species pool was similar between source communities (in any given experiment, there were three to five more species in the desert source pool than in the coastal source pool), while the identities of the species in the pool differed. Knowledge of species' functional traits may help explain why the effects of species interactions on richness differ between source communities. For example, competition may be more intense among coastal species if they share greater trait similarity than desert species (Cornwell and Ackerly, 2009; Götzenberger et al., 2012) . Alternatively, species may differ in their potential to influence the rest of the community through competition (e.g. Goldberg and Landa, 1991; Keddy et al., 1994) , such that the overall intensity of interactions depends on which species are present.
Implications
In this system, local filters -water availability, species interactions, and small-scale dispersal -strongly limit species richness in small plots. On the other hand, the effects of local processes on particular species are highly contingent on the pool of species available in that small plot, such that only the processes that determine the species pool have strong impacts on species composition. In our experimental setting, the species pools in replicate plots of the same experiment were constrained to be similar, due to the homogenization of seed bank. We would expect greater variation in the seed bank among locations in the field (Ellner and Shmida, 1981; Lortie and Turkington, 2002) , resulting in greater variation in adult species composition among plots with similar abiotic conditions and seed densities. Thus, although species interactions and resource stress limit alpha diversity, beta diversity and gamma diversity should be high.
The system of desert dune annuals we investigated exists in an environment with high variation in microtopography that influences the number of seeds settling (Reichman, 1984) and soil moisture (Svoray et al., 2007) . The variation among treatments in our experiment mimics this natural variation in conditions. The pool of species represented by the seeds settling in an area will depend on the reproductive success of each species in previous years as well as random dispersal (Ellner and Shmida, 1981; Lortie and Turkington, 2002) ; this variation is reflected in our different species pools from different experiments. This combination of variation in local conditions with variation in the species pool has the potential to maintain high species diversity in the system despite the strong controls we observed on species richness at the plot scale.
